ethanediol, and di(hydroxyethyl)ether were removed from the system. Missing N-terminal residues (Met-24 -Gly30), a loop (Met225 -Gln281) and C-terminal residues (Glu519 -Gln526) were not included in the model. Indeed, previous studies on pol κ mutants, as well as work on the pol κ bypass of the N2-furfuryl-G and N6-furfuryl-A lesions has shown that the exclusion of these residues does not affect the activity of the enzyme (5, 6) .
Initial structures for MD simulations on the pol η replication complexes were obtained from a crystal structure corresponding to the insertion of dATP opposite T (PDB ID: 4ECS). Missing residues (Thr155-Glu159) were added by hand using GaussView. Glycerol, Ca 2+ , and pyrophosphate were removed from the system. In cases where multiple orientations of amino acids were present in the experimental data, the orientation that best aligns the residue to interact with the surrounding amino acids was selected, while the highest occupied orientation was chosen in cases where the amino acid was not positioned to interact with a surrounding residue.
The conformation of POB-T in the polymerase active site was initially investigated by overlaying the nucleobase conformations identified in the DFT conformational search onto the template T nucleobase in the crystal structure (according to the heavy atoms) in the absence of an incoming dNTP (preinsertion complex). For each overlay, the closest heavy atom distance between the lesion and the surrounding DNA or protein was measured. Although this approach does not account for rearrangement of the active site to accommodate different lesion orientations, the resulting structures are reasonable starting points for MD simulations. Representative lesion orientations were then used to initiate MD simulation to understand the dynamics of POB-T binding in the pol η and κ active sites, and further explore conformations that can be accommodated by the enzymes. Additionally, directed by DFT calculations on the isolated base pairs, pol κ insertion complexes with a pairing dGTP or dATP opposite anti-POB-T, and pol η insertion complexes with dCTP, dTTP or dATP paired opposite syn-POB-T were modeled.
The resulting complexes were prepared for simulation using the tleap module of AMBER 14 (7) . Specifically, missing atoms, including hydrogen atoms, were added to generate the standard protonation states of all DNA and protein residues. Furthermore, NaCl was added to the water box to yield an approximate concentration of 0.150 M for DNA-polymerase complexes. Mg 2+ ions were included in the DNA-polymerase insertion complexes. All systems were solvated in a TIP3P octahedral water box such that the solute was at least 10.0 Å from the edge of the box. All canonical amino acids, nucleotides, and solvent were modeled with AMBER ff14SB parameters. Parameters for POB-T were assigned according to the GAFF and AMBER ff14SB force fields using ANTECHAMBER 1.4 (8) , and partial charges for the lesions were developed using RESP charge fitting from a HF/6-31G(d) calculation by the R.E.D.v.III.4 program (9,10) to be consistent with the AMBER force field (Table S12 ). The parameters for the dNTPs were adapted from the literature (11-13), Mg 2+ was modeled using the parameters from Allner et al. (14) , and Na + and Cl -were modeled using the monovalent ion parameters from Joung and Cheatham (15) .
All systems were minimized stepwise, with the first phase minimizing the water for 2500 steps of steepest decent and 2500 steps of conjugant gradient minimization, while applying a 50 kcal/(mol Å 2 ) restraint on the rest of the system. Next, the hydrogen atoms were minimized for 4000 steps of steepest decent and 4000 steps of conjugant gradient minimization, with a 50 kcal/(mol Å 2 ) restraint on the heavy atoms. Subsequently, the systems were minimized with a 50 kcal/(mol Å 2 ) restraint on the amino acid backbone for 12500 steps of steepest decent and 12500 steps of conjugant gradient minimization. Finally, the entire system was minimized without restraints for 5000 steps of steepest decent and 5000 steps of conjugant gradient minimization. The systems were then heated from 10 to 310 K in 6 steps, each increasing the temperature by 50 K over 10 ps using a 1 fs time step. Heating was performed with a 10 kcal/(mol Å 2 ) restraint on the solute using the Langevin thermostat (γ=1.0). The systems were then equilibrated with a constraint weight of 20, 15, 10, 5 and 1 kcal/(mol Å 2 ) on the solute. Each constraint weight was simulated for 20 ps using a 2 fs time step. Subsequently, 20 ns unconstrained pre-production simulations were performed to identify geometries that were distinctly different from the initial structures and cannot be easily converted during standard MD sampling, with particular attention being paid to the active site and lesion site (including lesion orientation and hydrogen bonding). Structures of the polymerase-DNA complexes with a hydrogen-bonding geometry and lesion orientation most conducive for the reaction were selected as initial structures for 100 ns MD simulations, which were run in triplicate to ensure statistical significance Since the replicas lead to minimal differences in the active site region (rmsd of 0.7-1.8 Å, Table S11), one replica was extended to yield the final 0.5 μs MD production simulation results discussed in the main text.
Analysis of the MD simulations was performed on frames spaced by 0.1 ns. A representative structure based on the lesion orientation and hydrogen bonding was chosen using the averagelinkage clustering algorithm. All MD simulations were performed using AMBER 14 (6) . The strengths of the interactions between the dNTP and lesion were calculated using frames spaced by 1 ns, B3LYP-D3(BJ)/6-311++G(d,p), hydrogen-capped nucleobases (hydrogen atoms optimized with M06-2X/6-31G(d)) and Gaussian 09 (revision D.01) (4) . A smaller basis set was used for calculating the interaction energies relative to the basis set used in the nucleobase dimer calculations due to the number of structures considered. Nevertheless, the difference between nucleobase dimer interaction strengths calculated with B3LYP-D3(BJ)/6-311++G(2df,2p) and (Table S13 ). 
